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ABSTRACT 



Apowcr system recovery design which protects the integrity 
of an electronic controller system by inhibiting application 
of DC electric power to heavy load equipment until a user 
determines that application of DC electric power should be 
reinitiated. Once heavy load equipment has been placed in 
an inoperative state, the power system recovery design will 
maintain the inoperative state until an operator actively 
reinitiates the operative state. 

21 Claims, 2 Drawing Sheets 
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POWER RECOVERY SYSTEM FIG. 3 is a circuit diagram of the first embodiment of the 

_ rmw „ w present invention showing the power system recovery circuit 

BACKGROUND OF THE INVENTION in a restore state; 

1. Field of the Invention PIG 4^3 0 i oc fc schematic of a power recovery system 
The present invention relates to a power recovery system 5 utilizing the power system recovery circuit of the present 

for protecting the integrity of an electronic controller system invention; and 

by inhibiting application of DC electric power to heavy load FIG 5 ^ a drcuit diagram of a second embodiment of the 

equipment to which DC electric power was supplied until a present invention showing the power system recovery circuit 

user determines that application of DC electric power should m a pQ Wer down state, 

be reinitiated. 10 

2. Description of Related Art DETAILED DESCRIPTION OF THE 
Electronic controller system (ESC) power plants are com- INVENTION 

monly used to supply telecommunications equipment with A detailed description of the structure and operation of the 

low voltage direct current (DC) electric power. To obtain DC present invention will be given below with reference to the 

electric power, ECS power plants typically convert single 15 figures. 

phase alternating current (AC) electric power supplied by a nG x illustrates a circuit diagram of a first embodiment 

commercial AC utility transmission system to DC electric of me present mven u 0 n showing the power system recovery 

power using rectifiers. Unfortunately, commercial AC elec- circuil 100 in a norma , op e ra ti n g state. As shown in FIG. 1, 

trie power is subject to frequent interruption. Therefore, in firet and lermmal blocks XBlOl and TB102 are 

order to maintain reliability, ECS power plants often utilize 20 connected to each other by a normally closed power system 

batteries to supply the loads with DC electric power until AC rec0 very (PSR) push button switch. A closure on release 

electric power has been restored. state ( CRS) at terminal 10 on the terminal block 

In conventional ECS power plants, once AC electric TB102 is connected through the normally closed PSR push 

power is restored, the rectifiers automatically and immedi- button switch to transfer rectifier (TR) contacts at terminals 

ately resume application of DC electric power to the loads 25 9, 10, 11 and 12 on terminal block TB101. A return (RTN) 

so that service is resumed as soon as possible. However, contact at terminal 11 of the terminal block TB102 is hard 

these conventional designs are prone to load equipment wired to a discharge ground contact (DG) at terminal 1 of the 

damage caused by in-rush current which frequently occurs terminal block TB101. Thus, the return contact continuously 

when ECS power plants resume application of DC electric receives a low signal. 

power to the loads once AC electric power is restored. 30 m traQsfer fectifier (TR) COQtrol lhe operating 

In-rush current is an undesired surge of electric current, slale of correspoDcling rec tifiers (not shown). When in the 

which may cause extensive damage to the chips, integrated 0N ^ these reclifiers afe corinected to an AC electric 

circuits, circuit packs or other types of heavy load equipment pQwer and COflvert AC electHc power t0 DC dectric 

connected to the rectifiers. When damaged, this heavy load powef which may be supplicd t0 heavy load equ i pmeQt . I 0 

equipment can require large expenditures of time and money lhe area of telecommunications, circuit packs are one 

to repair and/or replace. example of heavy load equipment. 

SUMMARY OF THE INVENTION In FIG. 1, the closure on release state (CRS) contact and 

The power recovery system of the present invention lhe return ( R TN) contact are in the open state. When in the 

protects the integrity of an electronic controlled system by 40 open state, the rectifiers are in the ON state and supply DC 

inhibiting application of DC electric power to heavy load electric power to the heavy load equipment. When the heavy 

equipment until a user determines that application of DC load equipment is transferred to a release (inoperative) state, 

electric power should be reinitiated. Namely, once heavy such as when commercial AC electric power has been 

load equipment has been placed in an inoperative state, the interrupted, contact is made between the closure on release 

power recovery system will maintain the inoperative state 45 state (CRS) contact and the return (RTN) contact, as shown 

until an operator actively reinitiates the operative state. in FIG. 2. 

When AC electric power has been interrupted, the recti- FIG. 2 illustrates a circuit diagram of the first embodiment 

fiers will not automatically and immediately supply DC of the present invention showing the power system recovery 

electric power to the heavy load equipment as soon as AC circuil 100 ^ a P ower down slate - closure on 

electric power has been restored. Rather, upon restoration of 50 release state (CRS) contact and the return (RTN) contact are 

AC electric power, an operator is notified. If the operator m thc closed slate » lhe closure on release state (CRS) contact 

determines that conditions are favorable and proper protec- al terminal 10 of terminal block TB102 receives the low 

tive measures have been taken, the operator actively reini- si 6 nal from lhe return (RTN) contact at terminal 11 of 

tiates application of DC electric power to the heavy load terminal block TBI 02. The low signal is transmitted through 

equipment. Until the heavy load equipment is actively 55 the closed PSR push button switch to the transfer rectifier 

conditioned by the operator, the heavy load equipment does (™) contacts at terminals 9, 10, 11 and 12 of terminal block 

not receive DC electric power even though the heavy load TB101. When the transfer rectifier (TR) contacts receive the 

equipment and rectifiers are connected to an operating AC low si S naJ > the operating state of the corresponding rectifiers 

electric power source. is transferred to the OFF state. As long as the transfer 

60 rectifier (TR) contacts receive the low signal, the rectifiers 

BRIEF DESCRIPTION OF THE DRAWINGS are turned in lhe OFF state and no DC electric power is 

FIG. 1 is a circuit diagram of a first embodiment of the supplied to the heavy load equipment. When an operator 

present invention showing the power system recovery circuit desires to supply the loads with DC electric power, the 

in a normal operating state; operator must actively open PSR push button switch, as 

FIG. 2 is a circuit diagram of the first embodiment of the 65 shown in FIG. 3. 

present invention showing the power system recovery circuit FIG. 3 is a circuit diagram of the first embodiment of the 

in a power down state; present invention showing the power system recovery circuit 
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100 in a restore state. Once the operator opens the PSR push contact is in response to the detection of the release state of 

button switch, the closure on release state (CRS) contact and the LVD device 150. When the LVD device 150 is released, 

the transfer rectifier (TR) contacts are in the open state. The the heavy load equipment is in an inoperative state. In the 

closure on release state (CRS) contact and the return (RTN) closed state, the low voltage closed (LVC) contact at termi- 

contact are also transferred to the open state. When the 5 nal 10 of terminal block TB102 receives the low signal from 

contacts are in the open state, the low signal is no longer toe low volta S e relum ( LVR ) al terminal 11 of 

transmitted to the transfer rectifier (TR) contacts and the ^rminal block 102 The low signal is transmitted through 

corresponding rectifiers are transferred to the ON state. ^losed PSR push button switch to the transfer rectifier 

When in the ON state, the rectifiers are free to supply DC ^~ rtBCts at termmals 9 ' 10 ' nmdUoi terminaI block 

electric power to the heavy load equipment. to „« " , e . . , 

r r When the transfer rectifier (TR) contacts receive the low 

nG ' * ' UuS .f at - eS 4 u l0Ck schematIC of a P° wer iec0V ?? n signal, the operating state of the corresponding rectifiers is 

system 200 utilizing the power system recovery circuit 100 ^fe^ to the OF F state. As long as the transfer rectifier 

of the present invention. As shown in FIG. 4, commercial ^ contac(s |Bcdve ^ low ri u ^ rectjfiels „ 

AC electric power is supplied to rectifiers 120 by an AC maintained m me OFF state and no DC electric power is 

power source 110. If commercial AC power is interrupted, " ^ lQ ^ fa , oad . , Therefore> even if 

batteries 140 are uulized to supply DC electric power to the ^mm^M AC power is restored, the rectifiers 120 will not 

heavy load equipment 130 so that the reliability of the , DC electric er , 0 me fa , oad . m 

system is maintained. The batteries 140 supply DC elecinc ^ me psR fa bmt0Q swi , cb fa ^ 

power through a low voltage disconnect (LVD) device 150 Qd(x an era(or ^ of ^ LVD ^ ^ 

which protects the batteries 140 from possible deep dis- 20 . • 4 , 4 . , , t 

, r , , .. . . . 1j(A r , release, the operator may assess the situation to determine 

charge damage by disconnecting the batteries 140 when whe(her DC ^ ^ (o (he 

battery voltage drops below a predetermined threshold volt- . . . ,- n f * i *>> u u 

/ .1 t_ „ . , ift , i load equipment 130 even if commercial AC power has been 

age. Consequently, the batteries 140 will only supply power . j r* i .u . j -j .u . r 

« i_ i "j * , ,,a i V v tl restored. For example, the operator may decide that appli- 

to the heavy load equipment 130 so long as the battery . - ~„ \a u • a . ,u 

. . t r n u i *u , , . , . ,J « cation of DC power would result m damage to the heavy 

voltage does not fall below the predetermined threshold 25 . . . t c • u . j .u . a -u 

value e 43 5 V for a 48 V lan equipment 130 from m-rush current and that further 

va ue, e.g. or a p an. precautions must be taken. Such precautions may entail 

When the LVD device 150 is released and the batteries removing certain circuit packs or inducing gradual recharg- 

140 are disconnected from the heavy load equipment, of lhe capac j tors i n the heavy load equipment, 

power/sense leads 160 located on a battery bus between the Ifcommercial AC power is available and the operator has 

LVD device 150 and the batteries 140 detect the condition delermined that it fa Mfc [Q ly DC power) lhe operator 

In response to the LVD device 150 release, indicators such hes p§R ^ buU0Q switch ^ the low volta 

as light emittmg diodes (LEDs) or any other suitable alarm closed (LVQ and lnas£u fectifier (TR) 

contacts. The low 

notifies an operator. Such alarms can notify an operator by vo , dosed and , ow vo , remrn (LVR) COI)tacls 

telephone, pager, or other remote communication device. an= ^ retumed t(J , he ^ when , he afe 

Because the power/sense leads 160 are located on the battery ^ lh<J transfcr rectjfier ^ nQ , recejve 

side of the LVD device 150, the power sense leads 160, me , QW g . , and lhe rectifiers uo afe transferred t0 lhe 0N 

LfcDs or other alarms are supplied with power by the ^ when ifl ^ QN sta(e> ^ reclifiers ^ , DC 

batteries 140 llerefore even when the batteries 140 are dcclric W£f , Q , he h |oad . 130 0nce lhe 

disconnected from the heavy load equipment by the LVD rectifiels 12Q 

are no loncer inhibited and DC electric power 

device 150, the power/sense leads 160, LEDs or other ^ rcst0 rcd to the heavy load equipment 130, the LVD device 

alarms remain operable. 150 fe reX}1T0c6 t0 lhe dosed stale, and the PSR push button 

As shown in FIG. 4, the LVD device 150 is connected to sw i lcn i s returned to its normally closed state. The operator 

an ECS controller 170. When the LVD device 150 release cari remotely check and determine whether it is safe to apply 

(inoperative slate of the heavy load equipment) condition is 45 qc electric power to the heavy load equipment 130 and can 

detected, the low voltage closed (LVC) contact and the low remotely cause the PSR push button switch to open, 

voltage return (LVR) contact of the PSR circuit 10 are ^ examples discussed above are given by way of 

transferred to the closed state in the ECS controller 170. illustration only and do not limit the present invention. The 

FIG. 5 illustrates a circuit diagram of a second embodi- power system recovery design of the present invention has 

menl of the present invention for use in the power recovery 50 applicability in any situation where heavy load equipment 

system of FIG. 4. As shown in FIG. 5, the first and second and rectifiers are placed in an inoperative state. A low 

terminal blocks TB101 and TB102 are connected to each voltage closed (LVC) contact is one example of the various 

other by a normally closed power system recovery (PSR) controls or relays that can be used to transfer the heavy load 

push button switch. A low voltage closed (LVC) contact at equipment and rectifiers to the inoperative state. Once heavy 

terminal 10 on the terminal block TB102 is connected 55 bad equipment has been placed in an inoperative state, the 

through the normally closed PSR push button switch to power system recovery design will maintain the inoperative 

transfer rectifier (TR) contacts at terminals 9, 10, 11 and 12 state until an operator actively reinitiates the operative state, 

on terminal block TB101. A low voltage return (LVR) What is claimed is: 

contact at terminal 11 of the terminal block TB102 is hard 1. A power system recovery circuit comprising: 
wired to a discharge ground (DG) contact at terminal 1 of the 60 at i eas t one rectifier supplying electric power to heavy 
terminal block TB101. Thus, the low voltage return (LVR) i oac j equipment, said at least one rectifier being trans- 
contact continuously receives a low signal. ferable between an operative state in which said heavy 
In FIG. 5, the low voltage closed (LVC) contact at load equipment is supplied with electric power and an 
terminal 10 of terminal block TB102 and the low voltage inoperative state in which said heavy load equipment is 
return (LVR) contact at terminal 11 of terminal block TB102 65 not supplied with electric power, said at least one 
have been placed in the closed state. The closed state of the rectifier being transferred to the inoperative state upon 
low voltage closed (LVC) and the low voltage return (LVR) the occurrence of a predetermined condition; and 
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a normally closed power system recovery switch main- 
taining said at least one rectifier in the inoperative state 
upon cessation of said predetermined condition until 
said at least one rectifier is actively transferred to the 
operative state. 5 

2. The power system recovery circuit according to claim 

1, further including first and second terminal blocks, said 
first terminal block receiving a control signal from said 
second terminal block and selectively transmitting said 
control signal through said power system recovery switch to 10 
maintain said at least on rectifier in the inoperative state. 

3. The power system recovery circuit according to claim 

2, wherein said control signal is a low signal received from 
a discharge ground contact on said second terminal. 

4. The power system recovery circuit according to claim 15 
1, wherein said at least one rectifier is actively transferred to 
the operative state after opening said normally closed power 
system recovery switch. 

5. A power recovery system comprising: 

a power system recovery circuit including, 2 o 
at least one rectifier supplying electric power to heavy 
load equipment, said at least one rectifier being 
transferable between an operative state in which said 
heavy load equipment is supplied with electric power 
and an inoperative state in which said heavy load 2 5 
equipment is not supplied with electric power, said at 
least one rectifier being transferred to the inoperative 
state upon the occurrence of a predetermined 
condition, and 

a normally closed power system recovery switch main- 30 
taining said at least one rectifier in the inoperative 
state upon cessation of said predetermined condition 
until the at least one rectifier is actively transferred to 
the operative state, 
wherein said at least one rectifier receives AC electric 35 
power, converts the AC electric power and supplies DC 
electric power to the heavy load equipment. 

6. The power recovery system according to claim 5, 
further including at least one battery connected to said heavy 
load equipment for supplying said heavy load equipment 40 
with DC electric power upon interruption of the AC electric 
power. 

7. The power recovery system according to claim 6, 
further including a low voltage disconnect connected 
between said at least one battery and said heavy load 45 
equipment, said low voltage disconnect opening to discon- 
nect said at least one battery from said heavy load equipment 
when voltage of said at least one battery falls below a 
threshold voltage. 

8. The power recovery system according to claim 7, 50 
wherein said predetermined condition is the opening of said 
low voltage disconnect. 

9. The power recovery system according to claim 7, 
further including power/sense leads on a connection 
between said low voltage disconnect and said batteries, said 55 
power/sense leads being supplied with power from said at 
least one battery when said low voltage disconnect is open. 

10. The power recovery system according to claim 5, 
wherein said at least one rectifier is actively transferred to 
the operative state after opening said normally closed power eo 
system recovery switch. 

11. A power recovery system, comprising: 

a power system recovery circuit including, at least one 
rectifier supplying electric power to heavy load 
equipment, said at least one rectifier being transferable 65 
between an operative slate in which said heavy load 
equipment is supplied with electric power and an 
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inoperative state in which said heavy load equipment is 
not supplied with electric power, said at least one 
rectifier being transferred to the inoperative state upon 
the occurrence of a predetermined condition, and 

a power system recovery switch maintaining said at least 
one rectifier in the inoperative state upon cessation of 
said predetermined condition until the at least one 
rectifier is actively transferred to the operative state, 
wherein said at least one rectifier receives AC electric 
power, converts the AC electric power and supplies DC 
electric power to the heavy load equipment; 

at least one battery connected to said heavy load equip- 
ment for supplying said heavy load equipment with DC 
electric power upon interruption of the AC electric 
power, 

a low voltage disconnect connected between said at least 
one battery and said heavy load equipment, said low 
voltage disconnect opening to disconnect said at least 
one battery from said heavy load equipment when 
voltage of said at least one battery falls below a 
threshold voltage; and 

power/sense leads on a connection between said low 
voltage disconnect and said batteries, said power/sense 
leads being supplied with power from said at least one 
battery when said low voltage disconnect is open, 
wherein said power/sense leads transmit a signal indi- 
cating that said at least one rectifier is in the inoperative 
state. 

12. A method of power system recovery comprising the 
steps of: 

supplying electric power to heavy load equipment using at 
least one rectifier, the at least one rectifier being trans- 
ferable between an operative state in which the heavy 
load equipment is supplied with electric power and an 
inoperative state in which the heavy load equipment is 
not supplied with electric power; 

transferring the at least one rectifier to the inoperative 
state upon the occurrence of a predetermined condition; 
and 

maintaining the at least one rectifier in the inoperative 
state upon cessation of the predetermined condition 
using a normally closed power system recovery switch 
until the at least one rectifier is actively transferred to 
the operative state. 

13. The method of power system recovery according to 
claim 11, wherein the at least one rectifier is maintained in 
the inoperative state using first and second terminal blocks, 
the first terminal block receiving a control signal from the 
second terminal block and selectively transmitting the con- 
trol signal through a power system recovery switch to 
maintain the at least on rectifier in the inoperative state. 

14. The method of power system recovery according to 
claim 13, wherein the control signal is a low signal received 
from a discharge ground contact on the second terminal. 

15. The method of power system recovery according to 
claim U, further including the steps of: 

supplying the at least one rectifier with AC electric power; 
and 

supplying DC electric power to the heavy load equipment 
connected to the at least one rectifier. 

16. The method of power recovery according to claim 15, 
further including the step of supplying the heavy load 
equipment with DC electric power upon interruption of the 
AC electric power using at least one battery connected to the 
heavy load equipment. 

17. The method of power recovery according to claim 16, 
further including the step of disconnecting the at least one 
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battery from the heavy load equipment using a low voltage 
disconnect when voltage of the at least one battery falls 
below a threshold voltage. 

18. The method of power recovery according to claim 17, 
wherein the predetermined condition is said disconnecting 
step. 

19. The method of power recovery according to claim 17, 
further including the step of detecting the disconnecting of 
the at least one battery from the heavy load equipment using 
power/sense leads on a connection between the low voltage 
disconnect and the at least one battery, the power/sense leads 
being supplied with power from the at least one battery when 
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the low voltage disconnect disconnects the at least one 
battery from the heavy load equipment. 

20. The power recovery circuit according to claim 19, 
further including the step of transmitting a signal to an 

5 operator indicating that the at least one rectifier is in the 
inoperative state using the power/sense leads. 

21. The method of power system recovery according to 
claim 12, wherein said at least one rectifier is actively 
transferred to the operative state after opening said normally 

to closed power system recovery switch. 
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